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Abstract 
Given the rising price of crude oil, some developing countries including Thailand are looking towards developing their domestic 
renewable energy resources, in particular biofuels. However, there are concerns about the possible  adverse effects such a policy strategy 
would have on key variables such as sectoral output, land allocation and the effects of prices, particularly food prices. This study develops 
a computable general equilibrium (CGE) model of the Thailand economy that features enhancements of the energy sector and uses it to 
ecent renewable energy development plan. This plan aims to increase domestic energy use from renewable 
sources to replace fossil fuel imports. This paper discusses the methodology used in the analysis. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the International 
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1. Introduction 
Given the high and rising price of oil since 2004, the government of Thailand has become more aware of the need to 
prices upwards, but also reduces energy imports. Consequently, in January 2009, a 15-year renewable energy development 
plan (2008-2022) which is categorized into three stages - short-run, medium-run, and long-run, as shown in Table 1. The 
plan focuses on increasing domestic alternative energy use to replace fossil fuel imports. For example, in order to achieve 
the short-run target (i.e., a fossil fuel use reduction of 10,960 kilo tons of oil equivalent (ktoe) by 2011), electricity from 
biomass and other renewable sources will need to increase by 87 percent from 1,750 megawatts (MW) to 3,273 MW. Also, 
consumption of heat energy from biomass and other renewable sources must increase by 38 percent to 4,150 ktoe. 
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-year Renewable Energy Development Plan 
Forms of Energy Sources 2008 2011 2016 2022 Unit 
Existing Short-run Medium-run Long-run 
1. Electricity Total 1,750 3,273 4,191 5,680 MW 
Biomass 1,610 2,800 3,220 3,700 MW 
Other 140 473 971 1,980 MW 
2. Heat Total 3,007 4,150 5,582 7,433 ktoe 
Biomass 2781 3,660 5000 6,760 ktoe 
Other 226 490 582 673 ktoe 
3. Bio-liquid 
fuel 
Total 787 2,190 3,591 4,927 Million liters 
Ethanol 339 1,095 2,263 3,285 Million liters 
Biodiesel 448 1,095 1,328 1,642 Million liters 
4. Compressed natural gas 28,236 144,540 217,540 251,850 MMscf 
Targets: Fossil fuel reduction 10,960 15,580 19,800 ktoe 
Source: DEDE [1]  
 
In addition, ethanol use will increase by 223 percent from 339 million liters to 1,095 million liters and biodiesel use will 
increase by 144 percent from 448 million liters to 1,095 million liters. Lastly, compressed natural gas (CNG) use will 
increase by approximately 400 percent to 144,540 million standard cubic feet (MMscf). 
In order to promote ethanol and biodiesel use the government has introduced alternative mixed bio-liquid fuels such as 
gasohol-91, gasohol-95, B2-biodiesel, and B5-biodiesel (see Appendix B for explanations) with a price subsidy to substitute 
petroleum fuels. However, the use of these mixed fuels is still low compared to the potential domestic supply of bio-liquid 
fuels. As a result, to achieve the bio-liquid use target, the government has announced several measures to compel fuel users 
to switch to more mixed bio-liquid fuels. The measures to be implemented include discontinuing domestic gasoline-91 and 
gasoline-95 use, increasing the biodiesel content in B2-biodiesel to 5 percent (B2 to B5), and introducing E20-gasohol, E85-
gasohol, and B10-biodiesel as alternative fuels including keeping a subsidy on these mixed bio-liquid fuel based on the 
content of bio-liquid fuel [2]. 
However, at this stage this plan lacks knowledge about the interactions between the energy sector and other sectors of 
the economy. There are also no indicators of the price effects of alternative energy development strategies. As a 
consequence, in order to obtain a detailed impact assessment of the effects of promoting biofuel use, a set of comprehensive 
and reliable modeling tools for biomass policies which provide economy-wide impact analysis are essential and urgently 
required.  
Many CGE models have been developed to analyse fossil (conventional) energy issues including greenhouse gas 
emissions. Examples of such studies can be found in a survey by Bhattacharyya [3]. Other models not covered in his survey 
include ORANI-E (McDougall [4]), GTAP-E (Burniaux and Truong [5]), and MMRF-GREEN (Adams et al. [6]). These 
studies provide ideas about incorporating inter-fuel substitution, factor-energy substitution, and intermodal substitution. 
On the other hand, according to a survey by Kretschmer and Peterson [7], few CGE models for analyzing biofuels 
policies have been developed due to the fact that biofuel issues have only recently received some attention. Three main 
approaches for modeling biofuel use can be found in the literature, all of which incorporate land use allocation. The first 
approach is implicit modeling of biofuels, which avoids a breaking up of the original model structure. That is, biofuels are 
represented by crops such as vegetable oil and sugar cane. Thus, biofuel production processes are not explicit. Examples of 
this approach are Dixon et al. [8] and Banse et al. [9]. 
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The second approach is to model biofuels as latent technologies, which features production processes of first and 
second-generation biofuels.  Examples of the first-generation biofuel approach are Boeters et al. [10] and Kretschmer et al. 
[11], while Reilly and Paltsev [12], and Melillo et al. [13] modeled second-generation biofuels. The third approach is to 
disaggregate commercially active biofuel sectors directly from an existing database such as the GTAP 6 database (see 
Dimaranan, [14]. Thus, the reliability of this approach depends on updating the benchmark database. Studies which have 
employed this approach include Birur et al. [15], Hertel et al. [16] and Taheripour et al. [17]. 
Although, there have been a number of CGE studies for Thailand, to date, none of them have seriously considered 
energy-sector details and energy policies. Therefore, to fill this important knowledge gap, this study has two main 
objectives. Firstly, it presents a CGE model for Thailand which features various enhancements to facilitate biomass-fuel 
policy analysis including constructing a database for the year 2008 when first-generation biofuels became commercially 
active. Secondly, the model is used to investigate the impacts of biofuel-promoting measures contained in the Thai 
-year renewable energy development plan. The results can be used to develop plans to assist Thailand to 
achieve social and economic sustainable development goals and to improve food and energy security. 
The remainder of the paper is organized as follows. The next section describes the modelling approach, which is 
followed by the model 
Section 5 concludes with the summary.  
2. Modeling Approach 
The CGE modeling approach was chosen for this analysis because, in contrast to other approaches such as partial 
equilibrium (i.e., econometric) analysis, it considers decisions in multiple markets and allows policy makers to 
simultaneously analyse the impacts of policies and external shocks on all sectors of the economy. Input-output (I-O) 
analysis (Leontief [18]) is another useful general equilibrium approach that also considers multiple markets and captures 
inter-i
benchmark data instead of extensive time-series data that are often not available in developing countries such as Thailand. 
2.1. The model 
There are two main approaches to CGE modelling (also referred to as applied general equilibrium modelling). The first can 
be referred to as the Harberger-Scarf-Shoven-Whalley tradition (Harberger [19]; Scarf [20]; Shoven and Whalley 
[21]. This approach is widely used in North America, Europe, and elsewhere and it involves solving non-linear general 
equilibrium problems in lev  [22]. This involves linearising 
the nonlinear functions in the system by transforming them into percentage (or logarithmic) changes. In this approach, the 
initial solution (i.e. set of initial values for prices and quantities) is given by the I-O data (or Social Accounting Matrix), 
which also gives a snapshot of the economy at a given point in time. Following a policy or external shock to the economy, a 
 Harberger-
Scarf-Shoven-Whalley approach, from a computational point of view, is that solution of large non-linear systems could 
become intractable. The k e y  advantage o f  the Johansen approach is that it places no effective restriction on model size 
and it allows maximum scope for model modifications, including switches of variables between the exogenous and 
endogenous categories ([23]). In particular, the model does not need to be redeveloped or recoded after any changes in 
model specification ([24]). 
In this study, we utilised the Johansen approach. Our model is a comparative-static, multi-sector, multi-product, 
single country model and is a variant of the Australian ORANI model [23]. One limitation of the Johansen approach is that 
it is susceptible to linearization errors. In our study, such errors are minimised by undertaking a sequence of multi-step 
Johansen/Euler computations.  In this section, we briefly describe the major assumptions underlying the model, as well as 
the model structure.  
Like standard CGE models, this model is based on neo-
as production and consumption structures. The economic agents in the model consist of producers, one representative 
household, investors, the government, and an external sector (foreign demand). Demands for commodities by producers, the 
 
 Latent technologies are production technologies that exist but are not commercially active in the base year of the model but can become available at a 
later stage. 
 For example, to evaluate the effects of a 100% increase in a given exogenous variable, the shocks could be broken down into five 20% increases. After 
each shock, the resulting matrix of endogenous variables is re-evaluated to compute the effects of moving to the next shock. 
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household, investors, and the government are derived from optimization of cost (or profit) and utility functions. Producers 
maximize profits (or minimize cost) conditional on competitive markets and constant returns to scale production 
technologies. In the case of multi-product industries, they are assumed to produce a constant elasticity of transformation 
(CET) composite of products.§ The household maximizes utility subject to its budget constraint, while investors and the 
government minimize cost subject to certain constraints. By contrast, foreign demands for commodities are given as specific 
behavioral functions. 
 In order to conform to the economic structure and biofuel-promoting mea  15-year 
renewable energy development plan, our model features seven main enhancements which are discussed below.  
2.1.1. The energy sector 
The model consists of 51 industries and 62 commodities, as listed in Table 2. We disaggregated the energy-source sector 
into 24 energy industries (Industry 1 to 24) and 32 energy-source commodities (Commodity 1 to 34 including Paper 
Production Residues, but excluding Other Crops, Milled Rice, and Sugar). In order to assess the impacts of promoting bio-
liquid fuels, we created three new industries - Molasses-Ethanol (split from Sugar Refining), Cassava-Ethanol (split from 
Tapioca Refining) and Biodiesel (split from Palm Oil). 
 
 
Table 2: List of industries and commodities 
 
 Industry I-O code  Commodity 
1 Cassava 004 1 Cassava 
2 Sugarcane 009 2 Sugarcane 
3 Oil Palm 011 3 Oil Palm 
4 Other crops 
001-003, 005-008, 010, 4 Other Crops 
012-017, 024 5 Agricultural Residue 
5 Charcoal and Firewood 026 
6 Charcoal  
7 Firewood 
6 Rice Milling 049 
8 Milled Rice 
9 Paddy Husk 
7 Sugar Refining 055 
10 Sugar 
11 Molasses (including sugar cane juice) 
12 Bagasse 
   13 Crude Oil 
8 Petroleum and Natural Gas 031 14 Raw Natural Gas 
   15 Condensate 
 
9 Natural Gas Processing 
 
136 
16 Natural Gasoline and Others 
17 Processed Natural Gas 
18 Liquefied Petroleum Gas (LPG) 
10 Petroleum Refinery 093-094 
19 Gasoline-91 (including basic gasoline) 
20 Gasoline-95 (Premium gasoline) 
21 Diesel 
22 Jet Fuel  
23 Fuel Oil 
24 Other Petroleum Products 
11 Gasohol-91 093 25 Gasohol-91 (E10) 
12 Gasohol-95 093 26 Gasohol-95 (E10) 
13 B2 093 27 Mixed Biodiesel (B2) 
14 B5 093 28 Mixed Biodiesel (B5) 
15 Main Electricity 
135 29 Electricity 
16 Hydro Power 
17 Renewable SPPP 
18 VSPP 
19 Coal 030 30 Coal  
20 Palm Oil 047 31 Palm Oil (including crude palm oil) 
 
§ CET technology allows producers to adjust amounts of various products according to changes in relative prices of the products to reach maximized 
profits. 
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21 Tapioca Refining 50 32 Tapioca Products (including cassava chip) 
22 Biodiesel (split from Palm Oil) 33 Biodiesel (B100) 
23 Molasses-Ethanol (split from Sugar Refinery) 
34 Ethanol 
24 Cassava-Ethanol (split from Tapioca Milling ) 
25 Livestock 018-023 35 Livestock 
26 Forestry 025, 027 36 Forestry 
27 Fishery 028-029 37 Fishery 
28 Mining and Quarrying  032-041 38 Mining and Quarrying  
29 Food Manufacturing 042-046, 48, 051-054, 056-061 39 Food Manufacturing 
30 Beverages and Tobacco 062-066 40 Beverages and Tobacco 
31 Textile Industry 067-074 41 Textile Industry 
32 Wood and Furniture 078-080 42 Wood and Furniture Products 
33 Paper Products and Printing 081-083 
43 Paper Products and Printing 
44 Paper production residues (biomass) 
34 Chemical and Rubber Products 084-092, 095-098 45 Chemical and Rubber Products 
35 Non-Metallic Products 099-104 46 Non-Metallic Products 
36 Basic Metal 105-107 47 Basic Metal 
37 Fabricated Metal Products 108-111 48 Fabricated Metal Products 
38 Machinery 112-128 49 Machinery 
39 Other Manufacturing 75-80, 129-134, 137 50 Other Manufacturing 
40 Construction 138-144 51 Construction 
41 Wholesale Trade 145 52 Wholesale Trade 
42 Retail Trade 146 53 Retail Trade 
43 Rail Transportation 149 54 Rail Transportation 
44 Road Transportation 150-152 55 Road Transportation 
45 Water Transportation 153-155 56 Water Transportation 
46 Air Transportation 156 57 Air Transportation 
47 Public Services 165-169 58 Public Services 
48 Other Services 147-148, 157-164, 170-179 59 Other Services 
49 Unclassified 180 60 Unclassified 
D1 Private Transportation Dummy Sector D1 Private Transportation 
D2 Transport for Official Use  Dummy Sector D2 Transport for Official Use 
 
We also disaggregated four mixed-bio-liquid fuel industries (Gasohol-91, Gasohol-95, B2, and B5) treated as dummy 
industries of the petroleum refinery industry.** The disaggregation facilitates imposing policy shocks such as increase in 
capital stocks in the Molasses-Ethanol, Cassava-Ethanol and Biodiesel industries in the short run. In addition, the model can 
simulate various scenarios such as adding more bio-liquid fuels to mixed-bio-liquid fuels, for example, increasing the 
biodiesel content in B2 from 2 percent to 5 percent (B2 to B5).  
 Furthermore, in order to measure the effects of purchasing electricity from biomass-fired power plants, according to 
different technologies, we disaggregated the electricity sector into four new industries: Main Electricity, Hydro Power, 
Small Power Producers (SPP) and Very Small Power Producers (VSPP). Main Electricity is a group of main power 
producers and distributors such as the Electricity Generating Authority of Thailand (EGAT) and its subsidiary companies. 
This industry generates electricity from fossil fuel, accounting for about 92 percent of total generation. The Hydro Power 
sector contributes approximately 5 percent to total generation, while about 3 percent is generated from mostly biomass by 
SPPs and VSPPs.   
2.1.2. Structure of production  
Basically, the more commodities/services are aggregated, the less is the degree of substitution between them. As a result, 
based on the principle of parsimony, we have assumed here that intermediate inputs including primary factor bundle are 
 
** These industries are separated from the petroleum refinery industry instead of allowing the petroleum refinery industry to produce these mixed biofuels. 
This is because we considered their production processes which need a certain ratio of biofuel to petroleum fuel, for example, 5 percent of biodiesel and 95 
percent of diesel. In fact, if we aggregate them, the production process would be implicit, and in turn make it difficult to measure the impacts of increasing 
the biofuel content in mixed biofuels. In addition, maximizing profit of the petroleum refinery industry will not be affected from this production structure 
since we assumed that the four industries can only buy gasoline or diesel which is the main feedstock from the petroleum refinery industry. 
 SPPs which generate electricity from fossil fuels are included in Main Electricity. In this study, the SPPs and VSPPs are referred to as biomass-based 
power producers. However, the experiment of biomass-fired power plants is not included in this study due to space limitations. 
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complementary. However, since we have disaggregated the energy commodities, we need to consider the issue of inter-fuel 
substitution. Therefore, at the top level of the nests as shown in Fig. 1, non-energy intermediate inputs and a factor-energy 
composite are aggregated in fixed proportions (Leontief technology). However, in cassava-based ethanol production, 
cassava and tapioca chips are considered as substitutes, thus they are combined using a constant elasticity of substitution 
(CES) functional form (  = 2).  
 
 
 
Fig. 1. Structure of production 
 
At the lower levels of the nest, the factor-energy composite is a CES bundle of capital-energy composite, labor, and land 
(  = 0.5). Labor is a CES composite of unskilled and skilled labor (  = 0.5). The capital-energy composite is aggregated by 
capital and the energy composite via a CES function implying factor-fuel substitution. The energy composite is obtained by 
combining all energy inputs employing CES and CRESH technologies known as inter-fuel substitution (see Fig. 2).§§ Each 
intermediate input is a CES composite of domestic and imported inputs known as the Armington approach.  
 
 
 The CES technology is here employed to allow substitutability between inputs. Also, in the case where inputs are complements, it can be switch to 
Leontief technology by setting the elasticity of substitution to zero. To be consistent, in this study using CES functions means that factors are substitutes. 
§§ The constant ratios of elasticities of substitution, homothetic (CRESH) function was introduces by Hanoch [25]. 
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Fig. 2. Structure of energy composite  
 
Electricity, coal, raw natural gas, processed natural gas, fuel oil, liquefied petroleum gas (LPG), charcoal, jet fuel, 
biomass composite, diesel, other petroleum products, gasoline91-gasohol91 composite, and gasoline91-gasohol91 
composite are combined using CRESH technology. The biomass composite is a CRESH composite of bagasse, firewood, 
paddy husk, agricultural residue, and paper production residue, while the B2-B5, gasoline-91-gasohol-91, and gasoline-95-
gasohol-95 composites are CES composites.  
It is important to note that some energy sources such as crude oil, condensate, natural gasoline (NGL), ethanol, biodiesel 
are used as feedstock or for non-fuel purposes. As a result, they are not in the energy composite, but they are rather treated 
as non-energy inputs. Furthermore, several energy sources are used both for fuel and non-fuel purposes. An example is LPG 
which is used as fuel in most industries and households whereas they are used as feedstock in the petrochemical sector. To 
ensure that the energy composite used in each sector is all used as fuel, we utilize a matrix of energy usage shares. As a 
result, energy commodities used as fuel go into the energy composite, while the ones used as non-fuel are treated as non-
energy inputs. 
2.1.3. Energy-capital substitutability/complementarity 
The issue of whether capital and energy are substitutes or complements remains unresolved given a number of contradictory 
empirical studies (e.g. see [26]). This inconsistency is likely to result from the difference between flexibility in energy-
capital  usage in the long run and inflexibility in the short to medium term ([26]. To account for this, we followed Borges 
and Goulder [27] by considering the elasticity of substitution between capital and energy in the capital-energy nest ( KE ) 
and the overall, output constant, elasticity of substitution between capital and energy in the energy-primary factor nest ( KE
overall), using the following formula proved by Keller [28] for the case of a nested CES: 
 
  EFEFKEEFKEoverallKE SS                                                                                   (1) 
 
where SKE and SEF are the cost share of the capital-energy bundle and the cost share of the energy-primary factor bundle 
respectively, and where EF is the elasticity of substitution between energy and primary factors which has a positive sign. That is, capital-energy, labor, and land are substitutes. 
[29] and the GTAP-E model [26] also considered the framework of Borges and Goulder 
(1984). They set values of KE and let values of KE overall to vary. This setting may cause KE overall to be less than zero, which implies capital-energy complementarity but not capital-energy rigidity in the short term. In contrast, to imply capital-
energy rigidity in the short term, we set overallKE equal to zero. Therefore, 
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  EFKEEFKE SS1                                                                                                               (2) 
  
and due to SEF > SKE  and EF > 0, KE is greater than zero implying capital-energy substitutability in the long term. In addition, this structure in turn implies that energy can be substituted by labor and land and vice versa, i.e. energy-factor 
substitution. Given the elasticity of substitution between factors of 0.5, the elasticity of substitution between capital and 
energy in each industry varies from 0 to 0.5, implying that they are low substitutes in the long run.  
2.1.4. Private and official use transportation 
Household (private use) transportation is one of the largest energy users and can be substituted particularly by public 
dummy industry, private road transportation, whose intermediate inputs are vehicles, fuel, lubricant, repairs, parts, and so on 
(e.g. see [30]). The model in turn incorporates substitution between private transportation and other modes of public 
transportation. In addition, we created a dummy industry of government transportation to not only facilitate the structure of 
government demand but also allow substitution between the modes of transportation. In our model there are six modes of 
transportation: Road, Rail, Water, Air, Private Use, and Official Use. 
 In addition, we categorized commodities consumed by households and government into three bundles: energy, 
transportation, and other goods (see Fig. 3). Energy and transportation bundles are CRESH composites, while the other 
goods bundle is a CES composite. Then in the case of household demand, the three bundles are combined via a Stone-Geary 
(or Klein-Rubin) function, while in the case of government demand they are combined via a Leontief (fixed proportions) 
function.***  
 
Household
(Government)
CES
Good 1 Good Nup to
Energy Transport
Klein-Rubin
(Leontief)
Other Goods
5.0
(See Figure 2)
CRESH
Mode 1 Mode 6
5.15.0 i
up to
 
 
Fig. 3. Structure of household and government demand  
2.1.5. Fuel taxes and government budget 
The Oil Fund was established to stabilize domestic retail petrol prices by subsidizing domestic oil producers and importers 
when the ex-refined prices are high and taxing them when they are low. However, its role seems to distort fuel markets 
since it imposes taxes on mainly gasoline and diesel, while subsidizing a number of fuel prices such as LPG, gasohol, 
mixed-biodiesel, and diesel for coastal fishing.  
In addition, the excise tax on petroleum fuels is one of the main income sources of the government. The government can 
either narrow or widen the price margins between, for instance, petroleum fuels and bio-liquid-fuels by changing fuel excise 
tax rates in order to achieve targets for its energy policies. This implies that determination of fuel excise tax rates plays a 
 
As a result, it is necessary to consider the fuel excise tax and Oil Fund tax in the model. However, due to the time and 
model-size constraints we combined the Oil Fund and fuel excise taxes into one rate which we call the fuel tax rate and 
which is treated as sales tax (margin), whereas other indirect taxes are considered as output tax. These taxes are parts of 
 
*** To represent the structure of capital formation (investment demand), we have combined all investment commodities using a fixed proportion as in other 
standard CGE models. 
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government revenue. Thus, we have also incorporated the role of the government budget by adopting equations from Bor 
and Huang [31].These equations include the definitions of disposable income, total tax revenue, private and government 
savings, and the investment-saving balance. In addition, we assumed that the personal income tax is derived from total 
wages, while the corporate income tax is a tax on total capital payments. 
2.1.6. Introduction of technological shifters for measuring impacts of fuel replacement 
We introduce a set of technological shock variables which are used to measure the impacts of legally-enforced fuel 
replacement, for instance, the replacement of gasoline-95 with gasohol-95, gasoline-91 with gasohol-91, or B2 with B5. To 
illustrate this point, let us consider the octane 95 gasoline composite. Without the technological shifters, the demand 
function for gasohol-95 can be written in percentage change form as follows:  
9595959595 ppxx gshgsh     (3) 
where xgsh95 and pgsh95 are quantity demanded and price of gasohol-95 respectively; 95x  and 95p are quantity demanded and 
price of the gasoline-gasohol composite respectively; and 95 is the elasticity of substitution between gasoline-95 and 
gasohol-95. 
When the technological shifters are introduced, the demand function for gasohol-95 and the gasohol-95 technological 
shifter (agsh95) equation can be respectively rewritten as:  
 
959595959595 gshgshgsh appxx                                                                                         (4) 
and 
gsl
gsh
gsl
gsh aS
S
a .
95
95                                                                                                                          (5) 
where Sgsh95 and Sgsl are gasohol- - -95-gasohol-95 composite respectively, 
while agsl 
is the gasoline-95 technological shifter. In this case agsl 
is the exogenous variable, while agsh95 is endogenous. For 
example, let us assume that Sgsh95 and Sgsl are 0.2 and 0.8 respectively, and the government wants to discontinue gasoline-95 
use, implying that gasoline-95 use drops by 100 percent, i.e. agsl agsh95= 400 which means that, ceteris 
paribus, the demand for gasohol-95 will increase by 400 percent due to discontinuing gasoline-95 use. 
Furthermore, bio-liquid fuel use is being promoted by, for instance, increasing biodiesel content in B2 from 2 to 5 
percent (B2 to B5) and increasing ethanol content in gasohol-95 from 10 to 20 percent (E10 to E20). In the future, fuel users 
will be forced to use B10 instead of B5 and also E20 gasohol-91 instead of E10 gasohol-91. Consequently, we have also 
designed the model for these possible scenarios. 
To illustrate this point, let us consider the E10 gasohol-95 production. Production of 100 liters of gasohol-95 (E10) 
requires 90 liters of octane 91 gasoline and 10 liters of ethanol. Again, when the technological shifters are introduced, the 
demand function for gasoline-91 and the gasoline-91 technological shifter (agsl91) equation can be written as follows:  
919191 gslgslgsl appxx , and ethanolgsl aa 90
10
91                                                      (6) 
where the number 10 refers to the ethanol content in E10 gasohol-95, while  the number 90 refers to the gasoline-91 
content, while aethanol and agsl91 are ethanol and gasoline-91 technological shifters, respectively. To illustrate this point, when the industry is forced to produce E20 instead, that means, ceteris paribus, the demand for ethanol increases by 100 
percent (or aethanol = 100). This results in agsl90 
=  11.11, which means that the demand for gasoline-91 drops by 11.11 
percent. Similarly, demands for gasoline-91 and ethanol in gasohol-91 can be considered in the same way.  
2.1.7. Land mobilization 
The issue of land use mobilization between agricultural sectors is incorporated in all bioenergy CGE models as reviewed in 
Section 1. For example, if the relative price of cassava to rice increases, land use in the rice sector will be allocated to more 
 
 xgsh91 and pgsh91 are quantity demanded and price of gasoline-91, respectively, gshx  and gshp are quantity demanded and price of the 91 gasoline-ethanol 
composite (gasohol-91) respectively, and gsh
 
is the elasticity of substitution between gasoline-91 and ethanol. 
 In the case of increasing biodiesel content in B2 from 2 to 5 percent (B2 to B5) the demand and technical shifting equations can be written 
as dieselBdieselBBdiesel appxx 555 , and 10098
2
Bdiesel aa , while dieselBdieselBBdiesel appxx 101010 , 
and 10095
5
Bdiesel aa  are for the B10 production (B5 to B10). 
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use in cassava production. Thus, we assume that in the long-run cultivated land use in all agricultural sectors can be 
efficiently allocated according to the market mechanism, while in the short-run land can only be mobilized between three 
similar crop industries: cassava, sugarcane, and other crops (mainly rice). Note that we do not allow land use in oil palm 
production to be mobilized in the short-run since oil palm takes about five years to be yield a commercial harvest, while 
sugarcane, cassava, and rice take less than one year. 
In the short-run model scenario, land use in oil palm is assumed to be fixed. On the other hand, we allow the land 
rentals (prices) of the three crop industries to move along with the average price of their products. Then demand for land in 
each of the three sectors will be determined by the ratios of the rental price of land paid to product price received. Similarly, 
in the long run scenario, we allow land rental prices of the four agricultural sectors (instead of only three industries) to be 
determined by the average price of their products. 
3. Model Closure and Solution 
The system of linearlized equations can be represented in a general form as:  
 
0Az                                                                                                                                                   (7) 
 
where A is a matrix of coefficients and z is a vector of variables in percentage change form. The size of the model can be 
inferred from Table 3 given that there are 51 industries and 62 commodities. The model contains 156,028 equations and 
158,025 variables, implying that we need 1,997 exogenous variables to facilitate a solution.§§§  
This is a CGE model which only considers the real side of the economy and does not include the monetary sector. The 
absolute price level is therefore not determined. As a result, one of the exogenous variables must be a price variable, a 
numeraire, which is used to express other prices as relative prices to the numeraire. Common candidates for numeraire are 
the nominal exchange rate and the CPI, although any price could be used. We chose the nominal exchange rate to be the 
numeraire here because we wanted to assess effects of the policies on inflation. Other exogenous variables in the model 
include technological changes, taste changes, indirect tax rates, tariff rates, shift variables, fixed factors, etc. 
The representation of time in a comparative-static CGE model is based on the model closure (i.e. choice of exogenous 
and endogenous variables) and the time it takes for the economy to achieve equilibrium after a policy (or external) shock. 
With such models, there are two time periods  short-run and long-run. In general, the short-run solution reflects a period of 
about two years, while the long-run is more than five years. In the short-run scenario we make assumptions about the 
behavior of key macro variables such as capital stock, aggregate investment, real wages and land stock in the palm oil 
sector. We assume that capital stock is fixed (i.e. exogenous) because there is insufficient time for it to adjust. Aggregate 
investment is also fixed because it does not respond to a change in prices, and we assume rigidity in the real wage. In 
contrast, in the long run, capital stock in each sector is free to adjust, aggregate investment and land stock in oil palm 
production can vary, while the real wage is flexible to reach full employment (see Table 3). 
 
Table 3: List of exogenous variables 
 
Exogenous variables for short-run closure Exogenous variables for long-run closure Sizea 
Capital used by each industry (Excluding Renewable 
SPP and VSPP) 
Sectoral gross rates of return (Excluding Renewable 
SPP and VSPP) IND - 2 
Real investment expenditure Economy-wide rate of return  1 
Average real wage Total employment - wage weights 1 
Land use in oil palm production Industry-specific land rental price shifter (oil palm) 1 
Natural exogenous Variables  
Nominal exchange rate (numeraire) 1 
Aggregate land (fixed factor) stock 1 
Slack variable to allow fixing aggregate capital 1 
Capital stocks in SPP and VSPP industriesb 2 
Fixed factors (excluding land use in the three crop industries: cassava, sugar cane, and other crops) IND-3 
Real demands for inventories IND*SRC 
C.I.F. foreign currency import prices COM 
Number of households 1 
Shifters of discontinuing gasoline-95 use IND 
Shifters of discontinuing gasoline-91 IND 
Shifters of discontinuing of subsidized B5 IND 
 
§§§ The large number of exogenous variables arises from the dimensions of the model. However, most of these variables (e.g. technical change and taste 
change variables) will be set to zero because they are assumed to be constant.  
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Technical bio-content shifters (B2, B5, Gasohol-91, Gasohol-95, and VSPP) 9 
Others including technical change, taste change, and tax rate variablesc 1,499 
a. IND is the number of industries in the model which is 51; COM is the number of commodities which is 62; and SRC refers to two sources: domestic and 
imported. 
b. Their production capacity is determined by the government policy. 
iomass. 
 
After the model closure, the model can be rewritten as: 
 
021 xAyA                                                                                                                                    (8) 
 
where y and x are denoted as, respectively, the column vectors of endogenous and exogenous variables, and A1 and A2 are 
the coefficient matrices corresponding to the vectors of endogenous and exogenous variables (y and x), respectively. 
Therefore, when one or more of the exogenous variables (x) are given, we can solve the above system for the values of the 
endogenous variables (y) using matrix operations as:**** 
 
)( 2
1
1 xAAy                                                                                                                                   (9) 
 
The interpretation of comparative-static results can be illustrated with the aid of Fig. 4. In the absence of the policy, 
biofuel use can grow to  units by time T*. However, with the policy it can increase to  units in the same period. Thus, the 
impact of the policy on biofuel use is calculated to be  units or 100*  percent. 
T*
Time (Years)
Biofuel use
0
With policy shocks
Without policy shock
 
Fig. 4. Illustration of the comparative-static approach. 
4. Database and Model Parameters 
-Output (I-O) data and a set of elasticity parameters. The 2008 I-O data for 
this research were constructed utilizing the 2005 national I-O table of Thailand produced by the National Economics and 
Social Development Board [33]. We started by aggregating the 180 sector 2005 I-O table into a 40 sector I-O table. We then 
employed the I-O final demand multiplier method utilizing 2008 macroeconomic data provided by NESDB to obtain a 
primary 2008 I-O Table. Consequently, since the original I-O table does not explicitly provide some energy-source sectors, 
we had to disaggregate them from existing sectors using various information on detailed 2008 energy accounts provided by 
the Department of Alternative Energy Development and Efficiency  [34-36]. 
Note that since the original I-O table does not provide information on the use of agricultural land, we utilized the land 
income share (0.0289) to estimate total land rental payment from total factor payment.  Then we distributed the figure to 
the agricultural sectors according to their capital payments. Furthermore, natural resource payments in some industries such 
as Forestry, Fishery, Petroleum and Natural Gas, Coal, and Mining were obtained by using proportional figures from the 
GTAP 6 data base [14]. However, we treated these payments including half of the capital payment in Hydro Power as land 
rentals. This implies that these industries face inelastic supply for their outputs. Eventually, we obtained a 51-industry, 60-
 
**** The model was solved using Version 9 of GEMPACK [32]. 
 This figure was obtained from Bank of Thailand [37]. 
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commodity, 2-labor, 6-margin Input-Output table including 2 dummy industries and commodities (private and official use 
 
Most of the elasticity parameters used in the model were obtained from published studies, mainly the GTAP 6 database. 
A few others were derived from guesstimates based on our local knowledge and experience. For example, to obtain the 
CRESH elasticity parameters of substitution between fuels used each sector, we assumed the values to vary from 0.5  1.5 
weighted by their energy use share and we used the formula, ij = 1.5  Sij, where ij is the CRESH elasticity parameters of 
substitution of energy i in sector j, while Sij 
is the energy use share of energy i in sector j.§§§§ The larger the energy use 
share, the less substitutable it is. In addition, since gasohol and gasoline are high substitutes including B2 and B5, the CES 
elasticity parameters of these composites were set at 2.0. The key elasticity parameters are shown in Appendix A. 
According to Tanboon [38], the Frisch parameter for Thailand is set at -3.03. In addition, the economy-wide level of gross 
to net rate of return ratio is set at 1.358, calculated from the ratio of total capital rental to total capital rental less 
depreciation. 
5. Summary  
The objective of this study is that would be used to analyse the 
macroeconomic and sectoral impacts of implementing biofuel- -
year renewable energy development plan. The series of bio-liquid fuel promotion strategies to be investigated are 
discontinuing gasoline-95 and gasoline-91 use, replacing B2 with B5 (enforcing B5 as a standard diesel) and introducing 
B10 as an alternative diesel. The study also analysed the feasibility of the targets set under the plan.  
 
The proposed CGE model is based on the 2005 Thailand Input-Output table (the latest available) and 2008 macroeconomic 
data. The main contribution of the model to the literature is that it features a highly disaggregated renewable energy sector 
to facilitate analysis of renewable energy policy. The final database therefore comprises 51 industries, 60 commodities, two 
labor types and six margins commodities. The system of equations is linearized and solved for the values of the endogenous 
variables using matrix manipulations.   
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Appendix A. Elasticity Parameters 
 Commodity 
Armington 
Substitution 
Export 
Elasticities 
CRESH Inter-Fuel Substitution* 
Household Government 
1 Cassava 3.25 4.4 - - 
2 Sugarcane 2.7 4.4 - - 
3 Oil Palm 2.45 4.4 - - 
4 Other Crops 3.32 4.4 - - 
5 Agricultural Residue 3.32 4.4 1.50 1.50 
6 Charcoal  2.5 5.6 1.35 1.50 
7 Firewood 2.5 5.6 1.44 1.50 
8 Milled Rice 2.6 4.4 - - 
9 Paddy Husk 2.6 4.4 1.50 1.50 
10 Sugar 2.7 4.4 - - 
11 Molasses 2.7 4.4 - - 
12 Bagasse 2.7 4.4 1.50 1.50 
13 Crude Oil 5.2 5.6 - - 
14 Raw Natural Gas 2.8 5.6 - - 
15 Condensate 5.2 5.6 - - 
16 Natural Gasoline and Others 5.2 5.6 - - 
17 Processed Natural Gas 2.8 3.8 1.50 1.50 
18 LPG 2.8 3.8 1.31 1.34 
19 Gasoline-91  2.1 3.8 1.50 1.50 
20 Gasoline-95  2.1 3.8 1.50 1.50 
21 Diesel 2.1 3.8 1.50 1.50 
22 Jet Fuel  2.1 3.8 1.50 1.50 
23 Fuel Oil 2.1 3.8 1.50 1.50 
24 Other Petroleum Products 2.1 3.8 1.50 1.50 
25 Gasohol-91 (E10) 2.1 3.8 1.50 1.50 
26 Gasohol-95 (E10) 2.1 3.8 1.50 1.50 
27 B2 2.1 3.8 1.50 1.50 
28 B5 2.1 3.8 1.50 1.50 
29 Electricity 2.8 5.6 0.90 0.66 
30 Coal  3.05 5.6 1.50 1.50 
31 Palm Oil  3.3 4.4 - - 
32 Tapioca Products  2.0 4.4 - - 
33 Biodiesel (B100) 2.1 4.4 - - 
34 Ethanol 2.1 4.4 - - 
35 Livestock 4.33 5.6 - - 
36 Forestry 2.5 5.6 - - 
37 Fishery 1.25 5.6 - - 
38 Mining and Quarrying  0.9 5.6 - - 
39 Food Manufacturing 2 4.4 - - 
40 Beverages and Tobacco 1.15 6.2 - - 
41 Textile Industry 3.75 4.4 - - 
42 Wood and Furniture 3.4 5.6 - - 
43 Paper Products and Printing 2.95 3.6 - - 
44 Paper Production Residues 2.5 4.4 1.5 1.5 
45 Chemical and Rubber Products 3.3 3.8 - - 
46 Non-Metallic Products 2.9 5.6 - - 
47 Basic Metal 2.95 5.6 - - 
48 Fabricated Metal Products 3.83 5.6 - - 
49 Machinery 3.96 6.7 - - 
50 Other Manufacturing 2.8 5.6 - - 
51 Construction 1.9 3.8 - - 
52 Wholesale Trade 1.9 3.8 - - 
53 Retail Trade 1.9 3.8 - - 
54 Rail Transportation 1.9 3.8 - - 
55 Road Transportation 1.9 3.8 - - 
56 Water Transportation 1.9 3.8 - - 
57 Air Transportation 1.9 3.8 - - 
58 Public Services 1.9 3.8 - - 
59 Other Services 1.9 3.8 - - 
60 Unclassified 1.9 3.8 - - 
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D1 Private Transportation 1.9 3.8 - - 
D2 Government Transportation  1.9 3.8 - - 
* These CRESH elasticities were obtained using the formula, ij = 1.5  Sij , , where  ij is CRESH elasticity parameters of substitution of energy i in sector 
j, while is Sij energy use share of energy i in sector j. Other CRESH elasticities were also obtained in the same way. 
Appendix A. Elasticity parameters  
 Industry 
Energy-
Capital 
Substitution 
CET Output 
Substitution  Industry 
Energy-
Capital 
Substitution 
CET Output 
Substitution 
1 Cassava 0.32 0.5 27 Fishery 0.20 0.5 
2 Sugarcane 0.30 0.5 28 Mining and 
i
0.14 0.5 
3 Oil Palm 0.23 0.5 29 Food Manufacturing 0.12 0.5 
4 Other Crops 0.22 0.125 30 Beverages and 
b
0.09 0.5 
5 Charcoal and Firewood 0.07 0.5 31 Textile Industry 0.14 0.5 
6 Rice Milling 0.16 0.01 32 Wood and Furniture 0.16 0.5 
7 Sugar Refineries 0.09 0.125 33 Paper Products 0.11 0.01 
8 Petroleum & Natural Gas 0.29 0.25 34 Chemical and Rubber 
d
0.13 0.5 
9 Natural Gas Processing 0.05 0.25 35 Non-Metallic 
d
0.08 0.5 
10 Petroleum Refinery 0.12 0.25 36 Basic Metal 0.12 0.5 
11 Gasohol-91 - 0.5 37 Fabricated Metal 
d
0.13 0.5 
12 Gasohol-95 - 0.5 38 Machinery 0.11 0.5 
13 B2 - 0.5 39 Other Manufacturing 0.15 0.5 
14 B5 - 0.5 40 Construction 0.18 0.5 
15 Main Electricity 0.06 0.5 41 Wholesale Trade 0.07 0.5 
16 Hydro Power 0.5 0.5 42 Retail Trade 0.07 0.5 
17 SPPP  0.16 0.5 43 Rail Transportation 0.34 0.5 
18 VSPP 0.16 0.5 44 Road Transportation 0.06 0.5 
19 Coal 0.24 0.5 45 Water Transportation 0.12 0.5 
20 Palm Oil 0.11 0.5 46 Air Transportation 0.13 0.5 
21 Tapioca Milling 0.12 0.5 47 Public Services 0.40 0.5 
22 Biodiesel 0.10 0.5 48 Other Services 0.12 0.5 
23 Molasses-Ethanol 0.12 0.5 49 Unclassified 0.12 0.5 
24 Cassava-Ethanol 0.10 0.5 D1 Private Transportation - 0.5 
25 Livestock 0.15 0.5 D2 Official Use - 0.5 
26 Forestry 0.40 0.5     
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Appendix B.  Consumption and Definition of Bio-Liquid Fuels 
Fuel Type 
Final Consumption in 
2008 
(million liters)* 
Explanation 
Gasoline-91 3,388 Gasoline-91 is also known as regular gasoline. The number 91 indicates the level of octane.  
Gasoline-95 341 Gasoline-95 is also known as premium gasoline. The number 95 indicates the level of octane. 
Gasohol-91 
(E10) 924 
Gasohol-91 (E10) is a fuel mixture of 10 percent ethanol and 90 percent 
gasoline. The number 91 indicates the level of octane. 
Gasohol-95 
(E10) 2,439 
Gasohol-95 (E10) is a fuel mixture of 10 percent ethanol and 90 percent 
gasoline. The number 95 indicates the level of octane. 
Gasohol-95 
(E20) 29 
Gasohol-95 (E20) is a fuel mixture of 20 percent ethanol and 80 percent 
gasoline. The number 95 indicates the level of octane. 
B2 13,000** B2 or B2-biodiesel is a fuel mixture of 2 percent biodiesel (B100) and 98 percent diesel. The number 2 indicates the content of biodiesel. 
B5 3,780 B5 or B5-biodiesel is a fuel mixture of 5 percent biodiesel (B100) and 95 percent diesel. The number 2 indicates the content of biodiesel. 
* The figures were obtained from DEDE (2009c). 
** The figure was estimated basing on amount of biodiesel (448 million liters) used to produce B2 and B5. 
